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ABSTRACT
Active immunization against GRF at 6 months of age delays pu
berty in beef heifers. The objectives of the present study were to
determine whether active immunization against GRF at an earlier
age would affect normal onset of puberty and follicular growth and to
determine whether these changes were related to alterations in ovar
ian insulin-like growth factor I (lGF-I) or IGF binding protein (IG
FBP) messenger RNA (mRNA) levels. Heifers were immunized
against human serum albumin (HSAi; n = 15) or against GRF con
jugated to HSA (GRFi; n = 18) at 3 months of age. A third group of
heifers was not immunized (CON; n = 16). Immunization against
GRF delayed puberty beyond 13 months of age in 75% of treated
heifers. Unilateral ovariectomy at 191 days of age revealed that the
delay in puberty was associated with a reduction in the number of
large ('.2:.7mm in diameter) follicies. Large follicles were present in
only 22% of GRFi heifers compared to 77% of HSAi heifers. The
number of small (,,; 3 mm in diameter) and medium (4 to 6 mm in
diameter) follicles was not affected by GRFi. The percentage of 1- to
3-mm follicles that were atretic was not different between HSAi (65%)
and GRFi (62%) heifers. Unilateral ovariectomy had no effect on age
at puberty. Immunization against GRF decreased (P < 0.01) concen

trations of IGF-I in serum (23 ~ 2 ng/rnl) compared to HSAi heifers
(l09 ~ 11 ng/ml), IGF-I levels in follicular fluid (FFL) of mediumand
small follicles were also decreased by GRFi from 82 :!: 3 ng/mlin HSAi
heifers to 48 :!: 6 ng/ml (P < 0.01). Levels ofIGFBP-3 (determinedby
ligand blot analysis) in serum and FFL of small follicles were de
creased by GRFi (P < 0.01). In contrast, IGFBP-2 serum levelswere
increased from 422 :!: 32 ng/ml in HSAi heifers to 657 :!: 6 ng/mlin
GRFi heifers (P < 0.05). Likewise, IGFBP-2 levels in FFL fromsmall
and medium follicles were increased from 785 :!: 44 ng/m! to 926 :!: 44
ng/ml (P < 0.05). Ligand blot analysis indicated that IGFBP levels
were lower in FFL from large us. small follicles. The band intensites
of IGFBP-4 and -5 were drastically reduced (>80%) while the de
creases in IGFBP-2 and -3 were less marked «50%). The decreased
levels ofIGFBP-5 in FFL from large follicles was not associated with
an increase in proteolytic fragments detectable by immunoblot anal
ysis. While mRNA transcripts for IGF-I, GH receptor, and IGFBP·2,
-3, -4, and -5 were readily detectable in ovarian tissue, GRFi hadno
effect on ovarian levels of mRNA for each of these proteins. This
suggests that the decrease in follicular development associated with
GRFi may be related to changes in circulating IGF-I and/or IGFBPs.
(Endocrinology 137: 1670-1677, 1996)
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decreases (3, 4). Studies have demonstrated that exogenoUS
GH alters ovarian follicular growth (5-7); however, it reo
mains unclear whether this is a direct effect of GH or an effect
mediated by IGFs and/ or other factors. Either alone or in
synergy with gonadotropins,
IGF-I influences ovarian ste
roidogenesis and mitogenesis ill vitro (5, 6). Specific forms01
IGF-I binding proteins (lGFBPs) have been shown to mod
ulate the ability of IGF-I to potentiate gonadotropin actionin
ovarian granulosa cells (5). Messenger RNA (mRNA) lor
IGF-I, the type I IGF receptor, and IGFBPs have been iden
tified in ovarian tissue from several species (5), suggestinga
potential autocrine / paracrine mode of action for IGF-Iinthe
ovary. However, the ability of endocrine factors such as GI1
to regulate ovarian synthesis of the IGFs and their binding (
proteins is not well defined.
We have previously used the model of active immuniza (
tion against GRF to evaluate the ill vivo effects of IGF-I,GI1, (
and / or GRF on puberty in bovine females (8). Immunization
of heifers at 6 months of age decreased serum GH and reF-!
and delayed puberty 6 months beyond the typical age 0112

HE MECHANISMS that regulate normal follicular de
velopment and onset of puberty are not clearly defined.
Nutritional stress delays cyclic ovarian function or puberty
in several species (1, 2). In this situation, the normal positive
relationship between GH and insulin-like growth factor-I
(IGF-I) is uncoupled, i.e. serum GH increases while IGF-I
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to13months(8). In the present study, we hypothesized
that
r,ormonal
changes during the period between 3 and 6 months
tiagemaybe critical to the attainment of pu berty: therefore,
3
)Iiferswere immunized against GRF at approximately
months
ofage.To determine whether local synthesis
of IGF-I
a~d!or
IGFBPswas affected by GRF immunization,
heifers
',rereunilaterally
ovariectomized
(ULO) at 6 months of age
andovarianmRNAlevels for IGF-I, IGFBP-2 through -5, and
GH receptorwere determined.
Materials and Methods
.himal studies
Prepubertal
bed heifers were immunized
,lg.linst 1.5 mg GRF con'J;ated
toHSA(GRFi;n = 18)m 1.5 mg liSA (IISr\i; n = 15}.lS described
(8).A third group of nunimmunized
Ill'ifl'rs served
as negj;econtrols(CO:.:;n = 16). Treatments were initi.ited at \/4 ::: 2 days
immunizations (O':;mg of the .1ppfllpri,1ll' antigen) were
at 148, 204, and 2SS days of .lge. lrnrnunizvd
l1l'ifl'rs were
10 at191davs of Jge. At 23S d.lyS of .lgl', Ill'ifl'rs were wl'.ml'd and
N:;J:ibilum.
Bodv weights were recorded at -l-weck intervals
throughIJttheexperiment.
Theleftovarv was removed from l\l,h heifer vi.t ,1 tl.mk incision
anesthesia and immediately
transported
to the l.ibor.uorv
;:.derlocal
<lmin)whereweight, diameter, and number of stlrf.H·" ov.ir i.m 1',11':bweredetermined.Follicular fluid (FFL) w.i-, ,hpir,ltl'd
from follicles
,U-6, and?i mm in diaml'll'f .1l1dcentrifuged ,lt ,00 :-:S for 20 min.
hlurernatantll'asstored at - 20 C until subSl''1ul'nt ,l11,11~'sl'sI'm IGF-I
,dICFBP.
Tissuefrom hJlf of l'.1,h o\'.m· \\,.lS stored .It --};() C before
\ f\tra(honofR~A.
The remaininM halH's I;'l'rl' fi,,'d in Bouin's Fluid for
:~h,rinsed
sewral times in dh,mol, ,1I1dtl1l'n stored in l'lh.lflol bl'forl'
Llological
examination.
lingle
bloodsJmples were collected \·i.l \'l>nipUlKturl' at time of ULO
:nJalweeklv
interl'Jls thl'reafter. l'ubertv was dl'fi m'd ,1Sthe time when
I *:urnprog~sterone
concentrations II'l,il' grl'atl>r th.1I1 I ng/ml
for 2
:J:'erunre
\lwks. Venous blood s.lmp1l's \\'l'rl' ,1lso colk,tl'd
\'i,l jugurcathetersfrom
GRFi (n = Ii), IlSAi (n = H); and CO\) (n" };) heifers
Uj·mininternlsfor 8 h Jt 28S and 316 d.lyS of agl' for determination
dH. Allprocedures were approH'd by the :'\:orth Carolin.l Stall'
AnimalCarl' and Cse Committee.

I

Histology
,Orarianhalveswere cut into slices not exceeding
I()mm and then
cenrdrated
withethanol, embedded in p.lraffin, ,lfld sectioned
at (, J.1.m,
'\ltnerervtenth
section mounll'd on slides. Slides were stained with
":lOdica~id
Schiffand Harris hematowlin
and an.llvzl'd for atresia (\/).
lliedonhistological
condition of each's,'ction,
foll(dl's were <lssigned
~being
nonalMicor atrdic (lO). Follicles c1,lssifil'd as non,ltrl'lic
ml'l
1) granulosa h,ld alleast Sl'\'l'n layers of Cl'IIS \\'Ith
~followmgcrrtefla:
",I cells
appearingpyknotic; 2) basallawr
of granulosa
was columnar
Jldb
.
, :h. asementmembraneswere present; 3) theca inll'rna wassmaller
i.n
,kness
thangranulosaI layer and contall1ed g!.lndular and fIbroblastIC
(
thecallal'er was parallel in orientation
to b,lSl'ment mem;:lne.
Incontrast,folliclescI.lssifil'd as atretic met the following criteria:
,'rnulosallayerlI'as sparse with an abundance
of pyknotic
cells; 2)
\ ,,_emenlmembrane
and bJsJllayer of granulosa cells were absent; 3)
thicker than granulosa cellla\'er; and 4) cells in thecal
shortenedand rounded.
-

I

!
(
(

Pl'i

"'\,1

analyses

}';arieswerehomogenizcdin4 ~I gUJnidinit;m thiocyanate,
and total
;~Awaslsolaled
using the method of Chomcz\'f1ski and Sacchi (11). For
:~::rnmationoflGFBPmR\'A
b'e1s, totJI R0fA (20 J.1.g) was dl'nJtured
and then
.l(forl h with 1.0 ~l glyoxal Jnd 3m;, dimethylsulfoxide
pH
on a 1% agarose gel in 10 m~l sodium phosphate,
transferred to nvlon membranes (Biotrans, ICN BiomedIrvine,CAl in 20 ..; sodium chloride-sodium
citrate (SSC).
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Membranes
were prehybridized
in 0.25 M sodium phosphate,
7% SDS,
and 1 mM EDT A, pH 7.2 for 2 h, then hybridized
overnight at 65 C with
[J2Pjcytidine
triphosphate-labeled
bovine IGFBP-2 or -3 probes (12) or
human
IGFBP-4 or -5 probes
(13). After hybridization,
blots were
containing
0.1% SDS for 30 min at 65 C and
washed
twice in 2 X
containing
0.1 % SDS for 30 min at 65 C. Autoradiotwice in 0,1 X
(Amersharn,
graphs
were obtained
by exposure
to Hyperfilm-MP
Arlington
Heights,
IL).
GH receptor
and 1GF-I mRNA levels were determined
by solution
hybridization/
ribonuclease
protection
assays using the Ambion (Austin, TX) kit as described
by the manufacturer.
Ten micrograms
of RNA
were h~bridized
with a 460-bp 32P-Iabeled bovine GH riboprobe, an
H6-bp J-P-labeled
IGF-I riboprobe
corresponding
to the A domain, or a
137-bp 32P-Iabeled l3-actin riboprobe
(14). The riboprobes were purified
extracted
with phenol/ chloroform,
and
over Sephadex G50 columns,
resuspended
in nuclease protection
buffer. The protected hybrids were
separated
on 8% acrylamide
(Acrylamix;
Promega, Madison, WI) denaturing
gels. The relative intensities
of protected
RNA bands were
quantified
by PhosphorImager
analysis and normalized
for l3-actin content.

sse

sse

Ligand and immunoblotting
The forms of IGFBP present
in serum and FFL were visualized
by
ligand blotting (15) according
to the method of HossenJopp
et al. (16).
Samples were electrophoresed
on 12.5% discontinuous
SDS-polyacrylamide gL'!s under nonreducing
conditions.
The proteins were transferred
to nitrocellulose
filters (0.45 J.1.m pore size; Schleider & Schnell. Inc.,
Keene, NH) and probed overnight
with [125I]IGF-I (500,000 cpm per
by exposure
to Hyperfilm-MP
blot), washed, and autoradiographed
(Amersham).
Molecular
weight
estimates
were based on prestained
protein
standards
(Amersham).
After ligand blotting analysis, filters
were incubated
for 2 h with antisera
against human 1GFBP-5 (1:1000
dilution)
as previously
described
(13). Pr~teins wer~ detected using an
alkaline phosphatase-conjugated
goat antt-gumea
pIg second ~nttbody
(1:1500 dilution;
Sigma). Enzymatic
activity was detected usmg color
de\'l'lopment
substrates
from the Protoblot
immunoblotting
system
(l'romega,
Madison,
WI).

RIA,';
Serum concentrations
of LH were determined
as described (17). Average intra- and interassay
coefficient
of variation (CV) were 9.7% and
11.4%. Serum progesterone
was determined
by a solid-phase
RIA (Di,lgnostic Products
Corp., Los Angeles, CAl. Concentrations
of IGF-I in
serum and FFL were determined
as described
(18). Intraassay CVs were
6.7'X, and 9.5'1"0for serum and FFL, respectively.
Concentrations
of IGFBI'-2 in serum and FFL were determined
by double antibody RIA as
previously
described
(19). Serum and FFL samples were diluted 1:20
\\'ith RIA buffer, and 5 iLl were analyzed.
Intra- and interassay CVs were
5.3% and 8.7%, respectively.

Statistical

analyses

Data were analyzed using the general linear models procedure of SAS
(20). Split-plot
ANOVA (21) was used for variables with multiple observations
per heifer. Only data from small (:003 mm in diameter)
or
medium
(4 to 6 mm in diameter)
follicles were included in the analyses
of FFL IGF-I and IGFBP-2 since GRFi resulted in an inadequate
number
of large (? 7 mm) follicles (n = 4) relative to HSAi heifers. Class offollicle
(i.e. small or medium)
was included
in the initial analyses but subsequently deleted since neither class nor diameter contributed
to variation
in FFL IGF-I or IGFBP-2. Treatment
was tested using the heifer within
treatment
X breed mean square as the error term. Episodes of LH release
were defined using the method
of Goodman
and Karsch (22).

Results
Active immunization
against GRF at 3 months of age delayed puberty in more than 75% of heifers (P < 0.01; Fig. 1).
Age at puberty
was similar between
HSAi and untreated
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~7mm

5
0

0
312

369

383

411

Age, d
FIG. 1. Cumulative percentage of heifers reaching puberty us. days of
age. Heifers were actively immunized against GRF or HSA at 94 days
of age. A third group of heifers was not treated (CON). GRFi and HSAi
heifers were ULO at 191 days of age. GRFi decreased percentage of
heifers reaching puberty by 369,383, or 411 days of age. ULO had no
effect on attainment of puberty.

288 days of age
Serum LH (ng/ml)
Pulse frequency (peaks/8 h)
315 days of age
Serum LH (ng/ml)
Pulse frequency (peaks/8 h)

GRFi

Pooled

~7mm

FIG. 2. Number (mean z SEM) of surface follicles from heifers actively
immunized against GRF or HSA at 94 days of age. Animals were UlO
at 191 days of age. Number offollicles with diameters es 3 mm (small),
or 4-6 mm (medium) were similar in GRFi and HSAi heifers. Number
of follicles ~ 7 mm in diameter were decreased by GRFi (inset).

SEM

0.5
0.86

0.6
1.1

0.04
0.3

0.7b

0.9
1.8

0.05
0.3

1.6

4-6 mm

Follicle Size

TABLE 2. Effect of immunization against GRF or HSA on
incidence of atresia in follicles between 1 and 3 mm in diameter at
180 days of age

TABLE 1. Serum LH and pulse frequency in heifers actively
immunized against GRF, HSA, or nonimmunized (CON)
HSAi"

53mm

Values are mean z; SEM (n = 22 heifers, 33 samples/heifers),
Control and HSAi were similar; therefore data were pooled.
b p < 0.05 compared with GRFi.

a

control heifers (Fig. 1), indicating that ULO had no effect on
onset of puberty. GRFi was accompanied by a decrease in
weight gain; weight (kilograms per day of age) at 383 days
was greater in untreated control and HSAi (0.89 :i: 0.02) than
in GRFi (0.78 :i: 0.02) heifers.
Serum concentrations of LH and frequency of pulsatile LH
release were determined at 288 and 315 days of age (Table 1).
Two heifers (CON and HSAi) became pubertal during this
time and were omitted from LH analyses. Serum concentra
tions and frequency of LH release were similar in CON and
HSA heifers; thus, data were pooled and represented as
HSAi. At 315, but not 288 days of age, serum LH was greater
(P < 0.05) in GRFi than in HSAi heifers. Frequency of LH
release was not affected by treatment; however, across treat
ment, frequency increased with age (288 vs. 316 days, P <
0.05).
The number of small, medium, or large surface ovarian
follicles in GRFi or HSAi heifers at 191 days of age is pre
sented in Fig. 2. The number of large follicles was drastically
decreased (P < 0.05) by GRFi. Only 22% of GRFi heifers had
follicles 2: 7 mm compared to 77% of HSAi heifers. In con
trast, the number of small and medium follicles was not
affected by treatment. The incidence of atresia was deter
mined in small follicles between 1 and 3 mm in diameter. The
percentage of follicles that were atretic was not affected by
GRFi (Table 2).
Concentrations of IGF-I and IGFBP-2 in serum and FFL

Total number of follicles (1-3 mrn)
Number of atretic follicles
Number of normal follicles
Atresia (%)
Values are mean

z; SEM

(n

=

HSAi

GRFi

10.2
6.3
3.9
65.2

13.4
8.4
5.9
61.7

Pooled

SEll

3.2
2.0
1.5
6.7

32).

from follicles :s 6 mm at the time of ULO are presented in Fig.
3. Only FFL from follicles :s 6 mm was used for analyses
because of a limited number of large follicles in GRFi heifers
(n = 4). Neither class (small vs. medium) nor diameter con
tributed to variation in IGF-I or IGFBP-2; thus data were
pooled for presentation. Serum levels of IGF-I were de
creased from 109 :i: 11ng/ml in HSAi heifers to 23 ::t 2 ng/ml
in GRFi heifers (P < 0.01). Likewise, levels of IGF-I in FFL
were lower (P < 0.01) in GRFi heifers (48 :i: 6 ng/ ml) com
pared to HSAi heifers (82 ::t 3 ng/ml). In contrast, heifers
immunized against GRF had higher circulating levels of IG
FBP-2 compared to HSAi heifers (657 :i: 6 ng/ ml V5. 422 :+::
32 ng / ml; P < 0.05). This treatment effect was also observed
with FFL IGFBP-21evels (926 :i: 44 ng/ml in GRFi heifers V5.
785 :i: 44 ng/ml in HSAi heifers; P < 0.05).
Ligand blot analysis of serum from HSAi and GRFi heifers
is shown in Fig. 4. The intensities of the IGFBP-3 bands in
serum were less (P < 0.01) in GRFi (1980 :i: 276) than in HSAi
(3770 :i: 455) heifers. Likewise, the intensities of the IGFBP-4
bands were decreased 30% by GRFi (590 :i: 66 V5. 413 :i: 41;
P < 0.05). GRFi had no effect on the intensities of the doublet
bands migrating at 29,000-31,000 (possibly IGFBP-5). While
serum IGFBP-2 levels determined by RIA were increased
55% in GRFi heifers, a significant increase was not observed
when IGFBP-2 levels were quantitated by ligand blot anal
ysis. To ensure that the higher values obtained by RIA were
not due to an increase in proteolytic fragments that were
detected in the RIA, the Western blots were immunoblotted
with antisera against IGFBP-2, which detects IGFBP-2 pro
teolytic fragments (23). While IGFBP-2 fragments of 22 and
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of HSAi animals indicated that total IGFBP binding activity
was lower in FFL from large vs. small follicles (Fig. 6, panel
A). IGFBP-4 and IGFBP-5 levels were dramatically reduced
(86 ± 9% and 88 ± 9%, respectively; n = 4) in FFL from large
follicles. In contrast, smaller decreases in IGFBP-2 (38 ± 17%)
and IGFBP-3 (29 ± 11%) were observed. While IGFBP-5
fragments of 21-22 kDa were detectable in FFL by immunoblot analysis, the intensities of these bands corresponded
with the intact IGFBP-5 bands (Fig. 6, panel B).
Transcripts for IGFBP-2, -3, -4, and -5 mRNAs were readily
detectable by Northern analysis in ovarian tissue of both
GRFi and HSAi heifers (Fig. 7). However, levels of mRNA for
each of the IGFBPs were not affected by treatment. Similarly,
ovarian levels of IGF-I and GH receptor mRNA (analyzed by
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FIG. 3. Concentrations
(mean ::':SE~I) ofIGF-I (panel A) or IGFBP-2
'panelB) in serum or FFL collected at time of ULO (191 days of age).
Heiferswere actively immunized against GRF or HSA at 94 days of
age.Data were pooled from follicles with diametcrs es 6 mm. Serum
andFFL IG F -I were decreased by GRFi. In contrast, serum and FFL
concentrations of IGFBP-2 were increased by GRFi. Across treatments.concentrations oflGFBP-2 were greater in FFL than in serum.

G

H

I

30-

21-

H
(

(
(

..

.. -L.~i

G

H

"$.

M

H

G

H

H

.."-

:=BP-3

.-

30-

-BP-2
"!'

-BP-4

G

G

,X 10-3

21-

L

S

G

H

G

A

:::BP-3

..

H
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subjected to SDS-PAGE under nonreducing conditions, transferred to
nitrocellulose, and probed with [125I]IGF_I.Molecular weight standards were run in parallel. Immunoblot analysis identified bands as
IGFBP-3 (M, 46,000 and 43,000), IGFBP-2 (Mr 34,000), IGFBP-5 (Mr
31,000 and 29,000), and IGFBP-4 (24,000).
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FIG. 4. Forms ofIGFBPs present in serum at the time ofULO (day
1911. Heifers were actively immunized against GRF (G) or HSA (H)
at94 days of age. Serum (1.5 J.t!) was subjected to SDS-PAGE under

46-

nonreducing conditions, transferred to nitrocellulose, and probed
with[l~'I]lGF-I. Molecular weight standards were run in parallel.
Immunoblot analysis identified bands as IGFBP-3 (M, 46,000 and
43.000), IGFBP-2 (M, 34,000), and IGFBP-4 (24,000).
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21-

:::= fragment

~ 14kDa were detected in all serum samples, the intensities of
thesefragments were not different between GRFi and HSAi
(
heifers(data not shown).
The effect of GRFi on IGFBP levels in FFL from small
follicles(::::;3 mm) was also examined by ligand blot analysis
(Fig.3). Levels of IGFBP-3 in FFL of small follicles were less
(P < 0.05) in GRFi (560 ± 130) than in HSAi (1000 ± 110)
heiferswhile IGFBP-4 and -5 levels were not affected by

(
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GRFi.
ligand blot analysis of FFL from large and small follicles
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L
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L

S

L

FIG. 6. Forms of IGFBPs present in FFL from small (S) follicles s 3
mm in diameter or large (L) follicles ~ 7 mm in diameter at the time
ofULO (day 191). Heifers were actively immunized against HSA at
94 days of age. Lanes 1-2,3-4, and 5-6 represent a direct comparison
ofFFL from small us. large follicles for each ofthree animals. FFL (1.5
J.tl) was subjected to SDS-PAGE under nonreducing conditions, transferred to nitrocellulose, and probed with 251]IGF-1(A) or antiseraspecific for IGFBP-5 (B) as described in Materials and Methods. Molecular weight standards were run in parallel.
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not affected. This contrasts with the study of Gong et al. (7)
in which treatment of postpubertal heifers with exogenous
GH increased the number of small follicles but not the num
ber of large follicles at each follicular wave. Hence GH may
influence follicular development differently in pre- V5. post
pubertal animals. Our data suggest that the GRF / GH axisis
involved in the dynamics of follicular growth as early as6
months in heifers. This is particularly important since the
majority of studies aimed at identifying endocrine changes
associated with puberty have focused on the 1- to 2-month
period preceding puberty.
Mechanisms by which immunoneutralization
of GRF al
ters follicular growth have not been clearly defined. Immu
nization against GRF at 3 months of age decreased concen
trations of IGF-l in both serum and FFL. The ability of IeF-1
to stimulate granulosa cell mitogenesis in vitro and to amplify
gonadotropin
action on steroidogenesis
in granulosa and \
thecal cells suggests that it may be an important regulator of
folliculogenesis (5). The role of local vs. systemic IGF-I in I
mediating these effects is unclear. lGF-l mRNA transcripts {
have been detected in rat and human ovarian tissue (24, 25), 1
and bovine and porcine granulosa cells have been shown to
synthesize IGF-l (26, 27). In the present study the abundance
of lGF-I transcripts in whole ovarian tissue was not affected
by GRFi, suggesting that local synthesis of IGF-l was not
altered. However, ovarian lGF-I availability may have been
decreased via an endocrine mechanism since serum IeF-1
levels were drastically reduced in GRFi heifers. Few studies
have examined the hormonal regulation of ovarian leF-1
levels in vivo. In the immature hypophysectomized
rat
model, GH increased lGF-I mRNA levels in the liver but not
the ovary, while estrogen appeared to be the pivotal inducer
of ovarian lGF-l expression (28). However, a recent study
reported that ovarian levels of lGF-I mRNA were decreased
in young rats made GH deficient by treatment with monoso
dium glutamate. This effect was reversed by GH treatment
(29). Similar to our findings, Samaras et al. (30) reported that
ovarian lGF-l mRNA levels were not altered in prepubertal
gilts after 20 or 40 days of exogenous GH treatment in spite
of increased levels of lGF-l in both serum and FFL. These
studies suggest that GRF and/ or GH may not regulate ovar
ian synthesis of lGF-l in domestic species.
Ovarian granulosa and thecal cells secrete multiple forms
of lGFBP in vitro (31-34), and several forms have been iden
tified in FFL (15, 31, 35, 36). Therefore, the ability of lGF-I to
influence follicular development may be largely regulated by
its interaction with the IGFBPs. Exogenous addition of
lGFBP-1 through -5 has been shown to inhibit FSH-stimu
lated cAMP generation, steroidogenesis, and mitogenesis of
cultured granulosa cells (34, 37-40). These data suggest a role
for the lGFBPs as anti gonadotropins; by sequestering IGF-I
they may negate its ability to amplify gonadotropin action.
In the present study levels of lGFBP-2 in FFL from small
follicles were increased by GRFi while IGFBP-3 levels were
decreased. Recently Grimes et al. (41) reported a positive
correlation between FFL lGFBP-3levels and follicle diameter
in the porcine ovary (41). In contrast, lGFBP-2 was found to
be related more to atresia than to follicle size, suggesting
specific roles for individual forms of lGFBP. Given the ele
vated levels of IGFBP-2 observed in FFL from GRFi heifers,
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GHGGHH
FIG. 7. Northern blots of total RNA (20 fJ.g)isolated from ovaries of
heifers actively immunized against GRF (G) or HSA (H) at 94 days of
age. Heifers were ULO at 191 days of age. RNA was hybridized with
complementary DNA probes for bovine IGFBP-2 and -3 and human
IGFBP-4 and -5. GRFi had no effect on levels of any of the IGFBPs.

ribonuclease protection assay) were not different between
GRFi and HSAi heifers (Fig. 8).
Discussion
These results confirm our previous finding that imrnu
noneutralization
of GRF delays puberty in bovine females
(8). Furthermore, a greater percentage of heifers (75% vs.
50%) failed to reach puberty by 12 months of age when
immunization against GRF was initiated at 3 months of age
compared to 6 months of age in our previous study. This
indicates that follicular growth between 3 and 6 months of
age may be critical to normal onset of puberty in heifers. In
the present study, the number of large follicles was decreased
by GFRi, while the number of small and medium follicles was
HSAi

GRFi

bSTRc -

IGF-I

Actin

FIG. 8. Ribonuclease protection of IGF-I, GH receptor (bSTRc), and
actin mRNA in whole ovarian extracts of heifers actively immunized
against GRF (GRFi) or HSA (HSAi) at 191 days of age. Heifers were
ULO at 191 days of age.
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anincreased rate of atresia in GRFi heifers might be expected.
Howe\'er,the incidence of atresia determined by histological
examinationwas not different between HSAi and GRFi heifers,It may be that more sensitive biochemical analyses may
lerequired to detect differences in atresia or that changes
l,ccur
at stages too early to be detected by visual examination.
Inthe rat, IGFBP-4 and -5 mRNAs have been shown to be
!vcalizedexclusively in granulosa cells of atretic antral and
rreantralfollicles, respectively, but not in granulosa cells of
neal
thy follicles (42, 43). This has led to the suggestion that
:heseforms of IGFBP may play a role in the processes of
ivllicle
selection and/ or follicular atresia in this species. Our
dataindicating that IGFBP-4 and -5 were drastically reduced
in FFLfrom large follicles compared
to small follicles sugseststhat these forms may also playa similar role in the
lovinc.The finding that only 22% of GRFi heifers had fol:iclesgrea ter than 7 mm in diameter made it difficult to
determinewhether there was a difference between HSAi and
GRFi
heifers in this regard. IGFBP-4 and -5 levels persisted
inFFLfrom small follicles in both HSAi and GRFi heifers,
I supporting the suggestion
that IGFBP-4 and IGFBP-5 may
regulatefollicular selection and atresia. The finding that FSH
inhibitedIGFBP-4 and -5 mRNA levels in rat granulosa cells
(3-1) offers further support for an inhibitory role for these
iormsof IGFBP. FSH has also been shown to stimulate the
production of a protease which degraded IGFBP-4 and -5 in
themedia of rat granulosa cells (34, 44). In HSA-immunized
heifers,immunoblot
analysis of FFL from large and small
iolliclesindicated
that IGFBP-5 fragments were present.
However. their abundance corresponded
with the level of
intactIGFBP-5, suggesting that the difference was not simply
dueto an increase in IGFBP-5 proteolytic activity.
Asfor IGF-I, the importance of locally produced IGFBPs
l'S serum-derived
IGFBPs in mediating follicular developmenthas not been determined. In the present study, IGFBP-2,
·3, --I, and -5 mRNA transcripts were readily detectable in
wholeovarian tissue. However, the abundance of each of the
rGFErtranscripts was not affected by GRFi, suggesting that
localproduction
of the IGFBPs also was not changed by
GRFi.Therefore the changes in FFL IGFBP-2 and -3 levels
mostlikely reflect transudation of serum IGFBPs. The analysisof whole ovarian tissue does not determine whether cell
t\'pe·specific changes in IGF-I or IGFBP synthesis occur. IGF
geneexpression has been shown to be highly compartmentalizcd in immature hypophysectomized
diethylstilbestroltreated rats, with IGF-I mRNA localized to the granulosa
cellsof the developing follicle and IGF-II expressed solely in
thetheca-interstitial cells (28, 45, 46). In contrast, IGF-II rather
thanIGF-I has been shown to be the major IGF gene expressed in the human ovary, being expressed in granulosa
cellsof dominant follicles and in thecal cells of small antral
follicles (25). Similarly, cellular localization of IGFBPs has
beendescribed. In the pig and human, granulosa and thecal
cellswere found to express IGFBP-2 while IGFBP-3 was not
detected in granulosa (47, 48). In the immature rat, IGFBP-2
and-3 gene expression was localized to the theca-interstitial
compartment of the ovary (49, 50). IGFBP-2 mRNA was also
localized to theca interstitial cells in adult rat ovary, while
IGFBP-3 was expressed in some, but not all, corpus luteum
(42),Recent studies have suggested that IGFBP-3 produced

1675

by vascular elements may be involved in luteolysis of the
corpus luteum in the rat (51). IGFBP-3 was detected only in
the endothelium of ovarian blood vessels in the human ovary
(48). Our design did not allow delineation of cell types producing IGFBP; however, luteal tissue can be ruled out as a
source since heifers were prepubertal.
A direct effect of GH on the ovary is possible since GH
receptors have been identified in ovarian tissue. GH has been
reported to enhance mitogenesis and steroidogenesis
in
granulosa cells in vitro (52, 53). In addition, gonadotropinstimulated differentiation
of rat granulosa cells was augmented by GH (53). However, levels of GH receptor mRNA
were not altered by GRFi in the present study, suggesting
that GRFi does not inhibit ovarian function via a decrease in
GH receptor gene expression.
It is interesting that mean serum LH was greater in GRFi
than in HSAi heifers at 315 days of age. This is an age at which
LH might be expected to increase in association with impending puberty, yet only 25% of GRFi heifers were pubertal
by 14 months of age. A similar elevation of serum LH has
been reported in mature cyclic GRFi beef cows (53) and in 5to 6-month old GRFi heifers (54). Itis possible that GRFi alters
LH sensitivity to estradiol since Schoppee et al. (55) found
that GRFi heifers had elevated LH after exogenous estradiol.
In conclusion, active immunization against GRF delayed
puberty beyond 14 months of age in bovine females by altering follicular growth between 3 and 6 months of age.
Treatment was also associated with decreased concentrations of IGF-I and IGFBP-3 and increased IGFBP-2 in FFL.
However, ovarian expression of IGF-I and IGFBP-2, -3, -4, or
-5 was not affected, suggesting that the changes in systemic
levels of IGF-I and IGFBPs that occurred during GRF immunization may playa role in inhibiting follicular growth.
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